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A high-spin, triplet xenophilic complex, Tp#Ni-RuCp(CO)2,
readily reacted with 2e-donors (L) via spin crossover at Ni
associated with transposition of the resultant coordinatively
unsaturated site from Ni to Ru to give diamagnetic adducts,
Tp#Ni-RuCp(�-CO)2(L).

High spin organometallics are expected to display unique
properties and reactivities distinct from those of closed-shell,
diamagnetic organometallic species but their chemistry has not
been thoroughly explored.1 In particular, the relationship
between the spin state and stability (reactivity) of electron-
deficient, coordinatively unsaturated species is still in contro-
versy. Xenophilic complexes are a polynuclear version of high
spin species having a polar metal-metal bond between a
coordinatively unsaturated Wernerian metal fragment and a
coordinatively saturated organometallic fragment.2 Previously
we reported a rational synthetic method for a series of xenophilic
complexes, TpRM-Co(CO)4 1,3 containing the TpRM-type
Wernerian metal fragment with TpR [hydrotris(pyrazolyl)-
borato]4 featured as a tetrahedral enforcer. Because, however,
complexes 1 were too unstable to be scrutinized, reactivity of
TpRM–M0Ln-type complexes is yet to be characterized. Herein
we wish to report (i) synthesis of Tp#Ni-RuCp(CO)2 2,

5 the first
example of a xenophilic complex containing a second row metal
fragment, and (ii) a new type of reactivity of a dinuclear species
emerging via spin crossover across a metal-metal bond.

The heterobimetallic xenophilic complex 2 was prepared by

sonication of a toluene suspension of Tp#Ni-Br and
K[RuCp(CO)2] (Scheme 1).

6 The dark brown complex 2 shows
chemical properties7 similar to those of 1, i.e. (i) coordinatively
unsaturated species with 32 valence electrons (VEs) (short of 2
VEs from a saturated structure), (ii) paramagnetic, high-spin
species with a triplet ground state (�eff), (iii) connection of the
two metal centers only by the metal-metal bond (no �-CO
ligand), and (iv) the polarized metal-metal bond (2A) [shift of the
�(CO) vibrations to lower energies]. These features are also
supported by X-ray crystallography.8 The Tp#Ni and RuCp(CO)2
moieties adopt a typical tetrahedral and three-legged piano-stool
structure, respectively, and the distance of the unsupported Ni-Ru
bond [2.512(1) �A] is slightly shorter than those in the adducts with
additional bridging ligands [2.576(1) (3b), 2.560(1) (3c),
2.579(1) �A (4); see below]. The CO ligands are �1-bonded to
the Ru center with no bridging interaction with the Ni center as is
evident from the linear Ru-C-O linkage [C1-O1: 175.9(8)�; C2-
O2: 176.5(8)�] and the Ni� � �CO separations [Ni1� � �C1:
2.866(9) �A; Ni1� � �C2: 2.761(8) �A]. Despite the coordinatively
unsaturated 32 VE structure, complex 2 turns out to be thermally
stable, although it is sensitive to the air andmoisture. The thermal
stability has been ascribed to lack of a vacant frontier orbital, i.e.
all frontier orbitals are occupied by electron pairs or unpaired
electrons to lead to the high spin, triplet electronic configuration
(see structure 2 in Scheme 2). These features are in line with the
formulation as a xenophilic complex, where the tetrahedral, high
spin, coordinatively unsaturated Ni fragment is bonded to the
coordinatively saturated Ru center.

Scheme 1.
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Despite the lack of a vacant coordination site the xenophilic
complex 2 readily reacted with donors under ambient conditions
to afford the coordinatively saturated adducts 3 with 34 VEs
(Scheme 1). Adduct formation was also observed upon treatment
with phenyl acetylene, which produced the �-vinylidene
complex 4 showing the deshielded �-carbon signal (�C 251.7).
The diamagnetic products 3 and 4 were characterized by
spectroscopic methods7 and molecular structures of 3b,c, and 4
were confirmed byX-ray crystallography.8 It is notable that (i) the
xenophilic complex 2without a vacant frontier orbital reacts with
donors under mild conditions, (ii) diamagnetic products 3 and 4
are obtained from the paramagnetic species 2, (iii) donors don’t
add to the electron-deficient Ni center in 2 but to the Ru center,
and (iv) the two CO ligands in 2 are shifted from the terminal
positions to the bridging positions. The first two points suggest
occurrence of spin crossover.

The results obtained can be interpreted in terms of Scheme
2.9;10 Judging from the structures of the adducts 3-4, the reactive
form of 2would be a singlet species with two bridging CO ligands
having a vacant site at the Ru center (2C). Intermediate 2Cwould
be formed via terminal-bridging site exchange of the CO ligands
of the singlet form 2B with the vacant site at Ni, which results
from spin crossover of the original triplet form 2. Thus the triplet
species 2 reacts with electron donors through spin crossover at Ni
(2B) followed by transposition of the resultant vacant site across
the metal-metal bond, which integrates the dinuclear structure.
There has been much controversy about spin crossover of
organometallic species. For example, Schrock1c proposed the
concept of ‘‘spin-blocking’’, which accounted for the slow
reaction of a coordinatively unsaturated high spin species toward
a 2e-donor, whereas Theopold1d is opposed to claiming such a
tendency as a general rule.While direct evidence for 2B,C has not
been obtained, the present system can be regarded as a dinuclear
version of the spin crossover system with no substantial barrier
between the two spin states, as judged by the reaction features.

In conclusion, the high spin, xenophilic complex 2 is formally
described not only as a resonance hybrid with the zwitterionic
structure 2A but also as an equilibrated mixture with the singlet,
coordinatively unsaturated form 2C resulting from spin crossover
across the metal-metal bond, and this type of behavior is a unique
feature of xenophilic species.
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